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Abstract

Gonorrhea occurs at high incidence throughout the world and significantly impacts reproductive 

health and the spread of human immunodeficiency virus. Current control measures are inadequate 

and seriously threatened by the rapid emergence of antibiotic resistance. Progress on gonorrhea 

vaccines has been slow; however, recent advances justify significant effort in this area. Conserved 

vaccine antigens have been identified that elicit bactericidal antibodies and, or play key roles in 

pathogenesis that could be targeted by a vaccine-induced response. A murine genital tract 

infection model is available for systematic testing of antigens, immunization routes and adjuvants, 

and transgenic mice exist to relieve some host restrictions. Furthermore, mechanisms by which N. 

gonorrhoeae avoids inducing a protective adaptive response are being elucidated using human 

cells and the mouse model. Induction of a Th1 response in mice clears infection and induces a 

memory response, which suggests Th1-inducing adjuvants may be key in vaccine-induced 

protection. Continued research in this area should include human testing and clinical studies to 

confirm or negate findings from experimental systems and to define protective host factors.
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1.0 Introduction

1.1. Epidemiology

Gonorrhea is a sexually transmitted bacterial infection caused by the Gram-negative 

diplococcus Neisseria gonorrhoeae (Gc). Gonorrhea is one of the most common infectious 

diseases worldwide, with significant immediate and long-term morbidity and mortality. In 

sexually active adolescents and adults Gc causes clinically inapparent mucosal infections 

(most common in women), symptomatic urethritis and cervicitis, upper urogenital tract 

infections, and pelvic inflammatory disease. Extra-genital rectal and pharyngeal infections 

occur frequently and coinfections with other sexually transmitted pathogens are common. 

Systemic or disseminated gonococcal infections (DGI) are infrequent (0.5–3%), occur 

mainly in women, and include a characteristic gonococcal arthritis-dermatitis syndrome, 

suppurative arthritis, and rarely endocarditis, meningitis or other localized infections. 

Neonates exposed during birth may develop ophthalmia neonatorum, skin infections, or, 

rarely, disseminated disease.

Complications from Gc infections are frequent, debilitating, and disproportionately affect 

women. Untreated cervical infections commonly progress to the upper reproductive tract, 

which contributes to pelvic inflammatory disease (PID), infertility, life-threatening ectopic 

pregnancy, and chronic pain. Infertility rates following PID are high, at >10% following a 

single episode and >50% following three or more episodes [1]. In men 10–30% of untreated 

urethritis cases may progress to epididymitis, a common cause of male infertility in some 

regions [2]. During pregnancy, Gc causes chorioamnionitis complicated by septic abortion 

in up to 13% of women, preterm delivery in 23% of women, and premature rupture of 

membranes in 29% of women [3]. Neonatal conjunctival infections are destructive, leading 

to corneal scarring and blindness. Gonorrhea also dramatically increases the acquisition and 

transmission of human immunodeficiency virus (HIV) [4].

An estimated 106 million Gc infections occur annually, worldwide [5]. Diagnostic 

capabilities and surveillance systems vary between nations, and thus, infection is greatly 

underreported and prevalence is often highest among economically or socially 

disadvantaged populations. Microbiologic culture is diagnostic, but syndromic management 

alone is standard for many regions of the world. Rapid DNA-based tests have improved 

sensitivity, especially for asymptomatic disease, but are not available in all countries. In all 

situations, treatment is empiric at the initial point of care to eliminate further transmission.

Antimicrobial resistance patterns guide treatment recommendations, the goal of which is to 

effectively treat ≥95% of infections at first presentation. Antibiotic resistance is widespread 

and has developed rapidly with each successive treatment regimen. Alarmingly, with the 

advent of resistance to extended-spectrum cephalosporins, we have now reached the point 

where untreatable disease can be anticipated in the near future [6]. Although rapid effective 

treatment of gonorrhea decreases long-term sequelae and can eliminate the effect on HIV 

transmission [7], expansion of multi-drug resistant Gc is a global threat to public health and 

amplifies the urgent need for novel prevention methods.
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1.2. Modeling vaccine impact

Development of an effective gonorrhea vaccine is likely to have significant benefits given 

the impact of gonorrhea on human health. Ebrahim et al. estimated 1,326 disability-adjusted 

life years (DALYs) are attributable to 321,300 Gc infections. Applied to WHO global 

estimates of new Gc infections, this translates to 440,000 DALYs per year [8, 9]. The 

benefits of effective treatment to women also have been estimated: treatment of 100 women 

with gonorrhea, of which 25% are pregnant, would prevent 25 cases of PID, one ectopic 

pregnancy, 6 cases of infertility, and 7 cases of neonatal ophthalmia. Additionally, treatment 

of 100 high-frequency transmitters of Gc could prevent 425 new HIV infections over 10 

years [10]. This projection is supported by experience in Mwanza, Tanzania where HIV 

infection was several times greater among individuals with gonorrhea [11]. Given the 

increases in duration of infection, transmission rates, and complications that can be 

anticipated with rising antibiotic resistance, there is an urgent need for expanded efforts to 

develop preventive vaccines.

Modeling studies are needed to assess the impact of various vaccination strategies. While an 

ideal vaccine would eliminate Gc from all mucosal surfaces, as observed with Haemophilus 

influenzae B conjugate vaccines [12], this vaccine outcome may not be achievable for Gc. 

Estimates of the impact of gonorrhea vaccines that decrease extension of disease, decrease 

transmissibility, or eliminate only complicated disease are needed and may support multiple 

early approaches. In one model, focused treatment of core groups results in collapse of 

disease transmission. However, when antibiotic resistance is added to the model, there is 

rebound and increased dissemination of disease [13]. Similar studies should investigate 

whether vaccination of only women, core groups, or all individuals who present with a 

sexually transmitted infection STI) would be adequate, or whether broader vaccination 

strategies are needed.

2. Pathogenesis

Gc is a human-specific pathogen with no animal or environmental reservoir. Initial 

adherence to epithelial cells is mediated by type 4 colonization pili, which are 

multifunctional appendages that also mediate genetic exchange, twitching motility, bacterial 

aggregation, and cell signaling [14]. Gc also has an intracellular niche; invasion of urethral 

cells occurs through the binding of the lacto-N-neotetraose (LNT) species of 

lipooligosaccharide (LOS) to the asialoglycoprotein receptor. Gc also invade epithelial cells 

of the female genital tract, and the best characterized pathways are uptake through 

complement receptor 3 (CR3) on cervical cells due to binding of a complex formed by LOS, 

porin (PorB) and host C3b molecules [15], and interactions between Gc opacity (Opa) 

proteins and human carcinoembryonic antigen-related cell adhesion molecules (CEACAMs) 

on cervical or endometrial cells [16]. PorB1a-mediated invasion of epithelial cells occurs 

through the scavenger receptor SREC [17] and may explain in part the strong association 

between PorB1a strains and DGI.

Gc is also well adapted to evade host innate defenses. Gc circumvents iron sequestration on 

host mucosal surfaces by expressing receptors for hemoglobin, human transferrin (Tf) and 

human lactoferrin [18]. The MtrC-MtrD-MtrE active efflux pump system protects Gc by 
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actively expeling hydrophobic antimicrobial substances (e.g. fatty acids, bile salts, 

progesterone, antimicrobial peptides). Similarly, the FarA-FarB-MtrE pump protects Gc 

from long fecal lipids found in rectal mucosae [19]. Gc has several mechanisms for evading 

complement-mediated defenses. Sialylation of the lacto-neotetraose species of LOS 

increases resistance to the bactericidal activity of human serum and significantly reduces 

opsonophagocytosis by polymorphonuclear leukocytes (PMNs) [20]. Serum-resistant strains 

down-regulate complement activation on their surface by expressing PorB molecules that 

bind C4b-binding protein or factor H [21]. Phase variation of glycosyltransferase genes can 

cause production of LOS species that are more resistant to bactericidal antibodies [22]. 

Survival of Gc within PMNs may prolong infection and increase dissemination and 

transmission and occurs by mechanisms not yet fully elucidated [23].

3. Host Response

3.1 Innate response

During acute infections, Gc induces a purulent exudate that consists of PMNs, exfoliated 

epithelial cells, and intracellular and extracellular Gc. The capacity of Gc to evade PMN 

killing is supported by the observation that Gc colonization levels are similar in BALB/c and 

C57/BL6 mice despite marked differences in PMN influx [24]. Elevated proinflammatory 

cytokines and chemokines have been detected in experimentally infected men [25], but not 

in naturally infected women unless coinfected with another STI pathogen [26]. In the mouse 

model Gc selectively induces Th17 cells, which leads to the recruitment of innate defense 

effectors including PMNs and results in faster clearance of infection [27]. Signaling through 

TLR4 is critical for Th17 responses in vitro [27] and in vivo [28], and colonization load is 

increased in TLR4-deficient mice [28]. Gonococcal LOS-mediated signaling through lectins 

such as DC SIGN induces cytokine production [29] and both PorB and the H.8 lipoprotein 

stimulate TLR2 leading to NF-κB activation, inflammatory cytokine production, and 

dendritic cell (DC) maturation [30, 31]. Activation of NLRP3 inflammasomes in human 

monocytic cells or DCs by Gc results in the production of the inflammatory cytokines IL-1β 

and IL-18 and pyronecrosis of the cells [32, 33] (Fig. 1).

3.2 Adaptive response

The adaptive response to Gc is ineffective as evidenced by the fact that repeat infections are 

common. The humoral response to uncomplicated Gc infections is poor. Quantitative 

evaluation of serum and local antibody responses in both female and male subjects 

presenting with uncomplicated cervicitis or urethritis showed at best only modest responses 

to antigens expressed by the homologous clinical isolates. Antibody responses were not 

sustained over the few weeks of follow-up, and there was no discernable memory arising 

from known prior episodes of infection [26, 34]. These results are consistent with earlier 

reports by others (reviewed in [35]).

Insights into the mechanisms by which Gc interferes with immune responses are being 

elucidated (Fig. 1). In mice, Gc suppresses the development of Th1- and Th2-driven 

adaptive immune responses by mechanisms dependent on TGF-β and IL-10 as well as type 1 

regulatory T cells [36, 37] (Liu et al., Mucosal Immunology, in press). This 
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immunosuppression occurs concomitantly with induction of IL-17, resulting in strong 

inflammatory responses but no adaptive immune response. Consistent with these 

observations, humans with gonorrhea have elevated serum IL-17 and IL-23 [38], and human 

monocyte-derived DCs secrete IL-23 and IL-10 upon stimulation with Gc in vitro [27, 37]. 

Other mechanisms of immunosuppression include induction of apoptosis in antigen 

presenting cells (APC) through the NLRP3 inflammasome pathway [33] and inhibition of 

DC-induced proliferation of T cells [32]. Gc Opa proteins that bind CEACAM1 were 

reported to down-regulate proliferation of activated CD4+ T cells and also B cells [39, 40], 

although these findings have been questioned by others [41]. Gc also induces a polyconal 

IgM+ B cell response with poor specificity to the bacteria [42].

Mechanisms to evade specific antibodies include the expression of blocking antigens, 

production of IgA1 protease, molecular mimicry, retreat into epithelial cells, blebbing of 

membranes to create a decoy, and changes in the antigenicity of surface molecules due to an 

extensive capacity for uptake and incorporation of DNA from other neisseriae, or in the case 

of Gc pili, recombination between the expressed pilin gene and silent loci. Phase variable 

expression of LOS biosynthesis genes and genes that encode surface molecules, such as opa 

genes, also contributes to evasion of specific antibodies [43].

4. Challenges and Progress for Gonorrhea Vaccines

Progress on gonorrhea vaccines lags behind that of several other STIs for many reasons. 

First, repeat infections are common and correlates of protection in humans have not been 

identified. Second, early vaccine efforts were frustrated by the highly antigenically variable 

surface of Gc and the lack of a small laboratory animal model for identifying protective 

responses and for systematic testing of antigens and immunization routes. Finally, there has 

been a lack of a concerted effort in this area. Only two antigens, killed whole cells and 

purified pilin, have been tested in clinical trials, which occurred over 30 years ago and were 

unsuccessful [35]. These failures discouraged research, funding and commercial interest in 

gonorrhea vaccines. Advances in microbial pathogenesis, immunology, molecular 

epidemiology, combined with new infection models and the powerful new tools of 

genomics, proteomics and glycomics justify a renewed and intensified research focus on 

gonorrhea vaccine development.

4.1 Identification of protective responses

Knowledge of the specific immune mechanisms that protect against Gc infection is severely 

lacking. An estimated 20–35% of men become infected following a single exposure to an 

infected woman; the risk for women exposed to an infected man is estimated at 60–90% 

[44]. Comprehensive studies are needed to identify factors that might explain differential 

susceptibility to infection (Fig. 2). The lack of evidence that natural infection induces 

immunity to reinfection also seriously limits our ability to prospectively define the types of 

immune responses that an effective vaccine must induce. Conventional thinking suggests 

that for a purulent infection such as gonorrhea, antibody- rather than cell-mediated immunity 

would be key; however, this has not been experimentally proven, and Th responses are 

likely required to drive antibody generation and memory. In addition, to the extent that Gc 

reside intracellularly and thereby escape antibody-mediated defenses, T cell-mediated 
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immunity could have a role that merits exploration. Repeat exposure and bactericidal 

antibodies were associated with reduced risk of salpingitis [35], however there are few data 

to support a protective immune response against uncomplicated infections. In one report, 

repeatedly infected women in Nairobi, Kenya showed partial serovar-specific immunity 

against the prevalent circulating Gc strain [45], this finding was not replicated in a study of 

less exposed subjects in a rural setting in the United States [46]. Antibodies against the 

reduction-modifiable protein (Rmp) block the bactericidal activity of PorB or LOS-specific 

antibodies, and the relative proportion of blocking and bactericidal antibodies has been 

proposed to correlate with immunity [47]. Lacking are studies on the effect of high-titer 

bactericidal antibody, which natural infection does not induce, or cellular immunity in 

protecting against human infection.

The conventional paradigm in vaccine development of mimicking natural infection to 

provoke an immune response without actually causing disease, therefore, is not applicable to 

gonorrhea as recovery does not confer protective immunity against re-infection. This 

situation could arise either because a specific immune response is ineffective against a 

continually variable antigenic target like Gc, or because Gc interferes with the normal 

course of an immune response and suppresses its development. A successful vaccine must 

demonstrate the ability to protect against all or most known and unknown antigenic types, 

and novel approaches to address this challenge are needed. In addition, if the mechanisms by 

which Gc manipulates the host immune responses can be identified, vaccines might be 

designed to inhibit or sidestep these mechanisms and allow an effective protective immune 

response to develop

The relative contributions of Th17-driven innate responses and Th1/Th2-driven adaptive 

responses to protective immunity remain to be elucidated. Gc-induced immunosuppression 

in mice can be reversed by treatment with blocking antibodies against TGF-β and IL-10, 

which permit the development of Th1- and Th2-dependent responses with circulating and 

vaginal anti-Gc antibodies, immunological memory, and protective immunity against 

reinfection (48) (Liu Muc Immun 2013, in press). However, neutralization of TGF-β also 

inteferes with Th17 responses (48). Alternatively, intravaginal administration of IL-12 

incorporated in sustained-release microspheres enhances Th1-dependent adaptive immune 

responses including generation of anti-Gc antibodies, accelerated clearance of infection, and 

protection against reinfection, but without interfering with the induction of Th17 responses 

(Liu, JID, 2013 in press)

4.2 Models for immunization/challenge studies

Systematic testing of antigens, immunization routes and adjuvants is greatly facilitated by 

animal models, but the strict human specificity of Gc poses a challenge for animal modeling 

of Gc infections [48]. Experimental urethral infection of male volunteers has been used to 

define the innate and humoral responses to infection and reinfection and the importance of 

selected virulence factors [25, 49–51]. This well-characterized model currently is being 

conducted at the University of North Carolina [50] and provides a system for early testing of 

vaccine candidates. However, the human challenge model can only assess 

immunoprotection against early stages of male urethral infection and might not identify 
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candidates that would be effective in women or prevent complicated infections or DGI. 

Chimpanzees are less subject to Gc host restrictions than other laboratory animals. Male 

chimpanzees develop Gc urethritis that is similar to that observed in humans, and natural 

transmission of gonorrhea from a male chimpanzee to two females was documented. 

Immunization of chimpanzees with a whole cell vaccine resulted in increased resistance to 

infection (reviewed in [35]). Chimpanzees are no longer available for gonorrhea research, 

but the insights gained from these experiments should not be ignored.

Female mice are transiently susceptible to Gc during proestrus [52], and administration of 

17β-estradiol and antibiotics prolongs colonization with ascending infection occurring in 

17–20% of mice. The innate response in mice is similar to that reported for humans; 

infection of BALB/c mice induces proinflammatory cytokines and chemokines (IL-6, 

TNFα, KC, and MIP-2) and a vaginal PMN influx. Gc is readily found within mouse PMNs 

and infection persists during periods of inflammation. Specific serum and vaginal antibodies 

are low after infection and mice can be reinfected with the same strain. This model has been 

useful for studying Gc factors that facilitate evasion of innate defenses and for further 

examining the immune modulation associated with Gc infection [53]. The mouse model has 

also been used for vaccine studies [54](Gulati et al., 2012 IPNC, Abstract #0118) and was 

recently standardized in challenge-aged mice for vaccine testing (D. Simon and A.E. Jerse, 

in preparation). However, numerous host restrictions severely limit the capacity of this 

model to mimic human gonorrhea, some of which might affect the predictive power of this 

model for human vaccines. These restrictions include human-specific receptors for 

adherence and invasion, iron-binding glycoproteins, soluble regulators of the complement 

cascade (fH, C4BP), and IgA1, the substrate of gonococcal IgA1 protease, whose role in 

evasion of IgA1 is uncertain. Although Gc IgA1 protease activity is found in the secretions 

of infected women [55], the typical cleavage fragments of IgA have not been identified [56] 

and the predominant isotype of IgA in female genital secretions is IgA2 [57], which is 

totally resistant to this cleavage. IgA1 is predominant in human semen, but whether IgA1 

protease shields Gc from IgA1 antibodies in men has not been investigated [49]. In addition, 

mice lack FcαR (CD89), the opsonophagocytic receptor for IgA. Other host-restricted 

interactions include the capacity of Gc to avoid complement-mediated killing by binding 

human but not murine C4BP and fH. The development of hC4BP and fH transgenic mice 

[58] or administration of purified human fH or C4BP [59] could overcome this restriction. 

Likewise, the potential protective effects of vaccines against the Gc Tf receptor [60, 61] or 

specific adherence or invasion ligands that bind to host-restricted receptors might be 

underestimated in normal mice. Nonetheless, challenge studies in normal mice can provide 

information on conventional immune responses (agglutination, osponophagocytosis, 

bactericidal activity, cell-mediated immunity), which can be combined with in vitro studies 

using human target molecules or cells to better predict the efficacy of candidate vaccines in 

humans. In addition, severe combined immunodeficient mice engrafted with human 

lymphocytes to reconstitute a functional human immune system (huSCID mice) [62] might 

find application in the development of a gonorrhea vaccine.
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4.3 Antigen discovery

Gc is a leading paradigm of a pathogen that utilizes antigenic variation to escape specific 

immune responses as famously illustrated by the failure of a large pilin vaccine trial in 

Korea [63]. However, several other potentially protective surface molecules have since been 

identified (Table 1). These antigens include the Tf receptors, TbpA and TbpB, the 2C7 LOS 

epitope, and PorB, although none has progressed to clinical trial. The Tf receptor was 

required for experimental urethral infecton of male volunteers by a Gc strain that naturally 

lacks the Lf receptor [64]. Intranasal immunization of mice with TbpA or TbpB proteins that 

were genetically fused with the B subunit of cholera toxin elicited specific serum and 

vaginal IgG and IgA antibodies, which were bactericidal and inhibited Gc growth dependent 

on human Tf [60, 61]. Antibodies against the 2C7 oligosaccharide (2C7-OS) epitope of Gc 

LOS [65] or a 2C7-OS peptide mimic [66] are highly bactericidal and promote 

opsonophagocytic killing of Gc. Intraperitoneal immunization of mice with a multi-antigenic 

form of the 2C7-OS peptide mimic protected mice from subsequent challenge as did passive 

delivery of 2C7 monoclonal antibody (Gulati et al., 2012 IPNC, Abstract #0118). Although 

the 2C7 epitope is phase variable [67], it is expressed by 95% of Gc isolates from clinical 

samples [65] and could be combined with other antigens to minimize evasion of immune 

responses.

Nitrite reductase (AniA) is also being developed as a gonorrhea vaccine target. Anaerobic 

growth of Gc occurs by a two-step denitrification process, and AniA, which catalyzes the 

first step of this process, is a surface-exposed copper-containing glycosylated protein that is 

anchored to the outer membrane by its lipid-modified N-terminus [68, 69]. Recently, 

Shewell et al. demonstrated that deletion of the glycosylated immunodominant C-terminus 

of AniA produced a truncated protein that elicited antibodies that inhibited nitrite reductase 

activity [69].Vaccine-mediated inhibition of AniA function may be an effective approach 

because the capacity to grow anaerobically is likely an important adaptation during infection 

of the genital tract where oxygen tension is reduced. This hypothesis is supported by the 

detection of AniA-specific antibodies from women with lower or upper genital tract 

infections and one patient with DGI [70]. AniA is also required for mature biofilm 

formation, which may protect against innate defenses [71].

The exciting development of group B meningococcal vaccines, which was a formidible 

challenge for many years, may provide a useful template for developing a gonorrhea vaccine 

[72–74]. Some of these vaccines contain outer membrane vesicles (OMV) and some are 

genetically engineered to stabilize the expression of phase variable antigens and increase the 

range of antigenic specificities. Detergent-treated OMVs or OMVs produced from LOS 

mutants have been used to diminish endotoxicity. Immunization and challenge studies with 

Gc OMV have not been reported; a Gc outer membrane protein preparation demonstrated 

protection in mice when delivered intranasally with CT [54], but this approach was not 

successful in subsequent studies, possibly due to differences in the protein isolation methods 

used [35]. The Novartis 4CmenB vaccine consists of OMVs combined with the NadA 

protein and two fusion proteins, factor H-binding protein (fHbp) and neisserial heparin 

binding antigen (NHBA) fused to two other conserved antigens [74]. None of the three 

proteins (fHBP, NHBA and NadA) in the 4CmenB vaccine [74] are predicted to be suitable 
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vaccine targets for Gc [75]; however, gonorrhea research may benefit from the use of 

proteomics technology and, or genome mining, which have advanced the development of 

vaccines for group B N. meningitidis.

4.4 Immunization routes

Immunization of the genital tract also challenges gonorrhea vaccine development, although 

we are encouraged by the success of the HPV vaccine. Most efforts to develop a vaccine 

against gonorrhea have focused on conventional parenteral immunization, which generates 

circulating, predominantly IgG antibodies, but is generally ineffective at inducing secretory 

(S) IgA at mucosal surfaces. However, the genital tract secretions of both males and females 

contain more IgG derived largely from the circulation than SIgA produced locally and 

transported through epithelial cells [57]. Intranasal immunization has been found to be the 

most effective route for inducing antibodies in the genital tracts of female mice and 

monkeys [76–78], and possibly also in women [79]. Local, intravaginal immunization has 

been accomplished [79], but as the genital tract lacks organized immune inductive tissue 

equivalent to intestinal Peyer’s patches, responses are not disseminated through the 

“common” mucosal immune system. The generation and recall of memory responses in the 

mucosal immune system depends on the nature of the inducing antigen, being most effective 

with potent adjuvants such as CT. Persistence of SIgA responses after their generation, 

however, appears to depend on continued stimulation and is counteracted by competing 

antigenic stimuli [80]. The ideal route for vaccination against gonorrhea will depend upon 

whether induction of local SIgA antibodies is needed in addition to IgG; this in turn will 

require understanding the effector mechanisms of antibody-mediated defense against Gc in 

the genital tract.

4.5 Adjuvants

Few vaccine adjuvants have been specifically evaluated for generating responses against Gc, 

although many have been tested for their ability to enhance circulating and mucosal 

antibody or cellular responses against experimental HIV vaccines. CT, the related E. coli 

heat-labile enterotoxins (LT types I, IIa, IIb, and IIc), and their non-toxic derivatives 

(mutants or isolated B subunits) are among the most potent mucosal adjuvants and have 

been extensively studied in animals when administered by oral, nasal, or even vaginal routes 

[81–83]. Intranasal immunization with antigens administered with or coupled to the 

nontoxic B subunit of CT induces vaginal antibody responses in mice and monkeys [77, 84], 

but the use of such adjuvants in humans is precluded by the finding that these toxins can 

traffic from the nasal epithelium to the brain via the olfactory nerve [85]. While some 

mutants and derivatives of LT appear to retain adjuvant activity in the absence of toxicity, 

and lack the capacity for retrograde neural transmission, their applicability to gonorrhea 

vaccines will need careful evaluation.

Recent studies using microencapsulated IL-12 given intravaginally in mice infected with Gc 

showed enhanced Gc-specific vaginal and serum antibodies (Liu et al., J Infect Dis, in 

press), suggesting that IL-12 can serve as a potent intravaginal adjuvant. IL-12 administered 

intranasally is known to have an adjuvant effect with respiratory vaccines [86]. Other 

cytokines, including a combination of IL-1α, IL-12, and IL-18, are effective adjuvants for 
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HIV peptide vaccines given intranasally [87]. Oligodeoxynucleotides containing the CpG 

motif also serve as adjuvants that engate TLR9 and induce genital tract responses [88]. 

Research on adjuvants will be an important aspect of gonorrhea vaccine development, 

especially when candidate antigens and the desired types of protective immune responses 

have been identified.

5.0 Future Objectives

A comprehensive effort is needed on many fronts to make a gonorrhea vaccine a reality, 

Inter-institutional collaborations with goal-oriented direction and novel, focused, and 

sustained funding mechanisms are essential. If a stable, long-term institutional commitment 

can be made, the following activities could lead to development of an effective vaccine:

• Continued research to understand basic aspects of pathology and host responses

◦ Test in humans the hypotheses generated in animal and in-vitro models of 

infection, to determine the impact of Gc on human genital immune 

responsiveness.

◦ Determine the mechanisms of immune defense against Gc infection in 

human female and male genital tracts.

◦ Determine reproductive cycle effects on susceptibility to Gc infection in 

humans.

• Focused efforts on vaccine development

◦ identify conserved Gc antigens or multivalent vaccine constructs;

◦ identify routes and schedules of immunization to generate required 

responses;

◦ identify appropriate vaccine adjuvants and/or delivery systems;

◦ define surrogate measures for assessing immunity.

• Expanded testing and modeling of vaccine candidates in human subjects

◦ Consider early Phase I Clinical Trials of rational vaccine candidates to 

determine safety and nature of responses generated, regardless of 

evidence of efficacy in animal models.

◦ Modeling studies to assess potential benefit of vaccines affording 

protection against only specific aspects of Gc disease, or targeting certain 

populations.

◦ Identify potential clinical efficacy end-points or biomarkers to assess 

vaccine effects in the absence of complete protection that could be of 

public health importance
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Highlights

• Multiple drug resistance in Neisseria gonorrhoeae impels renewed vaccine 

efforts

• Poor natural immunity, antigen variation, and gender factors pose challenges

• Gonococcal subversion of immune responses requires new vaccine approaches

• Improved animal models available for vaccine evaluation

• Concerted goal-oriented research efforts and sustained support required
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Fig. 1. Mechanisms of interaction of N. gonorrhoeae with cells of the immune system
Gc can interact with various immune cells to elicit innate inflammatory responses and 

suppress Th1/Th2-mediated specific immune responses. (A) Phagocytosis by macrophages 

results in activation of NLRP3 inflammasomes, the production of IL-1 and activation of 

PMNs, and activation of cathepsin B, which leads to pyronecrosis of APC [33]. (B) 

Interactions with DCs lead to up-regulation of PDL-1 and PDL-2, which induce apoptosis of 

cells bearing PD1. This up-regulation also causes release of IL-10 [32], which has 

immunoregulatory properties and stimulates type 1 regulatory T cells (Tr1). (C) Interaction 

with CD4+ T helper cells (or B cells) induces secretion of IL-10, TGF-β, and IL-6 [37, 100]. 

IL-10 and TGF- suppress the activation of Th1 and Th2 cells both directly, and through the 

activation of Tr1 cells. TGF-β and IL-6 drive the development of Th17 cells which secrete 

IL-17 and IL-22, leading to the recruitment or induction of innate defenses such as PMNs 

and anti-microbial peptides. Gc is able to resist destruction by PMNs and anti-microbial 

peptides while concomitantly suppressing the development of adaptive immune responses 

such as Gc-specific antibodies that could enhance phagocytosis and intracellular killing by 

phagocytes and bacteriolysis through the classical complement pathway [101]. Not shown is 

the expansion of IgD(+),CD27(+) B cells in response to gonococcal infection, which may 

contribute to a localized non-specific antibody response without immunologic memory in 

response to N. gonorrhoeae [42], or Opa-mediated B cell suppression[39] or killing [40], 

which are discussed in the text.
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Fig. 2. Factors that may reduce susceptibility to gonorrhea
It is not understood why some individuals do not become infected following exposure to Gc. 

Differences in humoral (antibody, complement, antimicrobial peptides) or cellular factors 

(Th1 and Th17 cells, PMNs, macrophages) may affect the host’s ability to kill the organism 

or block infection. Polymorphisms in adherence or invasion receptors and innate immune 

receptors could also influence susceptibility to infection. In women, the stage of the 

reproductive cycle may affect host susceptibility based on well documented associations 

between positive culture rates and the estrogen-dominant phases of the menstrual cycle in 

women with gonorrhea [102, 103] and the temporal link between menses and the onset of 

pelvic inflammatory disease. The impact of reproductive hormones on susceptibility is also 

supported by differences in the kinetics of Gc colonization of normal and ovariectomized 

mice [104] and the effect of progesterone on Gc survival within cervical cells [105]. 

Potential soluble factors include complement components and antimicrobial peptides 

secreted by genital tract epithelial cells. Some commensal microbes may protect against Gc 

through competition for nutrients or adherence receptors, and the release of inhibitory 

factors. Reported associations between vaginal H2O2-producing lactobacilli and a reduced 

risk of gonorrhea [106] are countered by co-colonization studies in mice [107] and the 
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demonstration that biofilms protect Gc from these commensals (Apicella, et al., 2012 IPNC 

abstract #0064). The vaginal microbiota of susceptible and uninfected women exposed to Gc 

could be comprehensively defined using modern genomic technology.
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